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Hydrodynamic bearings, seals, and squeeze-film dampers constitute a class of devices that involve the flow in an annulus between two cylinders, the inner cylinder is generally the shaft which is rotating at a frequency. 
A numerical model of reciprocating fluid power seals has been applied to a variety of hydraulic rod seals, although it could also be used to simulate hydraulic piston seals as well as pneumatic seals. The model is soft elastohydrodynamic and consists of coupled fluid mechanics, contact mechanics, deformation mechanics and thermal analyses. Results for typical rod seals show that these seals operate with mixed lubrication between the rod and seal surfaces, and that the roughness of the seal plays a major role in determining the leakage characteristics of the seal. For a given seal design and set of operating conditions there is a critical seal roughness, below which there will be zero net leakage per cycle and above which the seal will leak.
Fluid seals play important roles in fluid power systems, since excessive leakage can degrade performance and, most importantly, pollute the environment. A significant amount of research on hydraulic reciprocating rod seals, both experimental and theoretical, has been performed since the 1960’s. However, it is only in the last few years, with the advent of modern computational techniques, that it is possible to analyze the detailed behavior of these seals. While most previous theoretical studies assume that full film lubrication exists between the seal lip and the shaft, and the sealing surfaces are perfectly smooth, the present study shows that mixed lubrication occurs and the seal surface roughness plays an important role in determining whether or not a seal will leak. In the present study, a numerical model of reciprocating fluid power seals has been developed. It has been applied to a variety of hydraulic rod seals, although it could also be used to simulate hydraulic piston seals as well as pneumatic seals.
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